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B9 Al SR

TPU [hSE & FE
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« why so many TPU ?
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lgdEETIRITaIE Al IRELEELL

RARKEREFMUEL | BEYEEIA m
ini-batch REHITRIRITTEFITEIREK |
R AT EEEF B RECRENRE |
FEREKREERN. JIHIIEREER
BEITENRAERE.

HEYRTE) | 250 RURRBL S RAN S 8RR |

—REIAERESERE I HITE. XY
T)llgs , RN RIBEAIRKIL.
&2 B | R IRESE B £
=R,

ZOMI

W2ig=T5(k - ATPU V1 RS TPU V2 i)ll45

Cloud Server

Big Batch Training Stage
—
— I Weight
— Forward }——»| Backward >
Update
Data Loop
4 T
_________________ -
After Training then Delpoy
IOT or Web Server
Small Batch Inference Stage

-——_1
Rea

Forward

—P- Predict Result
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IgEHTILERRME : #HEEIER , SR ESEEIRAY , EIE DSA T RERFRTLIERY R,
gx— BRI/ MERHMFREANETE AR , FEMEEEHFTRIR |

BEEFRITE | REERE ( Baiiy ) FETEREES—MERNESEFIB A ESYEIHEE
(S40) | BRIESESRENEEMEENERME W wiw fSEE @ |
REBEAAF | NEEFHEREREMREIEENIGINREE | [EREEFERRE , A
RETEFEX , AR RN ZE—MRANER2~4F
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TPUv2 Changes

- TPUvI R3785 INT8 &, X9l
BMSISSEEAEK , Bt G
oogle £ TPU v2 5|\ BFloatlé6 FH
F)lZx;

- YNGEHTECHERRFHTEE., B
FEXIUEZRmIEHERR |, FrLA
TPU v2 A]4migtEttt TPU VI BB

—_——
=

=o
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TPUv2 Changes 1

TPU vIBFRNMNEEXIE, © Accumu

lator F[] Activation Storage :

Accumulator TR EFEEIERE

=+
=

I/

Activation Storage FAZETFZEN
mRRE .

ZOMI

PCle
Queues

Activation
Storage

DDR3

}

Matrix
Multiply
Unit

Activation
Pipeline

Accumulators
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TPUv2 Changes 1

- > DDR3
TPU v2 & Accumulator [ Activati i
on Storage IR NEEIHIZAYE PCle .
e Queues Activation Matrix
IX-I‘:E’i 1= S‘z%o H
A Rl Storage i Mblgﬁly
EFHAREFEX ( Vector Mem

ory ) , NMIRESAwEYE , Xt }<

%lé \ Q L . .
SESMEEERILI Cache. Accumulators > A;t")\;?;:zn
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TPUv2 Changes 1

TPU v2 & Accumulator [ Activati
on Storage PN BARIRIZAVZR T
XEZEME.

EFHAREFEX ( Vector Mem
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PCle
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Pipeline
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TPUv2 Changes 2
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DDR3
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Matrix
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Pipeline
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TPUv2 Changes 2

FrATEUERENEE ( Activation Pi
peline ) , TPU vl Pipeline 88—
HRARIFLE AR RSz ERIE

ELIBEETT.,

TPU v2 NG E AR RiEHmIE
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TPUv2 Changes 3

B[S AERTT MXU HiZS(A)
EFH#ERX VU &,

GItE—3k , REFESRIEERTT MXU

WA /IRIEERTT VU BIILIEES,
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S BRI,
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TPUv2 Changes 3

B[S AERTT MXU HiZS(A)
EFH#ERX VU &,

GItE—3k , REFESRIEERTT MXU

WA /IRIEERTT VU BIILIEES,
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ZOMI
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TPUv2 Changes 4

TPU vl {&FH DDR3 RZ , FAE
FXRNEEE , REFERAESE
WNE , FEEENINE,

TPU v2 £1X31)||4517 % , BTE21EEY
WE , BESEANNE |, frLAE v2
FJRZS DDR3 S MREFMHERX
1BiE | BTeemEIZENEEE | XEE
AEBANLEE.
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TPUv2 Changes 4

TPU vI {§FH DDR3 W7F , EAE
FNREHRE  RFEEREEN
WNE , FBEENNE.

TPU v2 £1391)|14537 5% | BEEsEEN
NE , BESEANE |, FilAfE v2
E[RA DDR3 NS MEFMHEKX
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TPUv2 Changes 5
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TPU 11+8#%Zi0» : MXU, Scalar Unit

© TPU V2XRATHEIKIESEZRW (v
W Architecture ) RIREERRIHTIT
55 (1322b bundle ) :

o 2 scalar slots

(e]

4 vector slots (2 for load/store)

(e]

2 matrix slots (push, pop)

(e]

| misc slot

(e]

6 immediates
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TPU 1+8#%Z1(» : MXU, Scalar Unit

- | Scalar TPU Core
TPU V2RAI T RIS ( VU | uni
W Architecture ) S/t ERROH AT i
o4 & HTERTT Core Sequencer , Core Sequencer AAEBM CPU 3REVFES |, TIEM
,  Instruction Mem X VLW 38< |, f£H 4K 32-bit BYRERFRINTIrEER®, 8

) 32 4 32 (UHIIRES 7R , MIGEERE<SIXE VPU , 322 7ZHY VLIW AILUAIE 8
\

MEE , 21MRE |, 2 NEIE ALU , [BE load , [AEstore , —XTMEEFEIREATHERA
*! s
| misc slot

6 immediates
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TPU Core: Vector Unit (Lane)

>
>
>

Vector
Control

TPU Core

JIM X batch normalizatio
n, N7 —" SIMD %

B=4A s .
5 vector unit ;
x1JZ%

& 70MI 27  Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

TPU Core: Vector Unit (Lane)

Control from Scalar Unit

\4

Vector
Control

SSSSSssS-===

32Ki x 32b

A

A

A

Ve(,IAAII e

0Bl YINA
\

ALUO | | ALU1
f f

<
<+

I

lllll

To Matrix

Units

From Matrix

Units

® 70Ml

| scalar TPU Core
| unit ;
Matrix
> Multiply
: Unit :
| Vector
Unit | Transpose/ | |
Permute Unit |

VEIEHhzE BT Vector Unit ( VPU ) I fTRIEITE , B 32K 128x32 {MAY16MiB A/NAY
A LERFEV mem , 322D BIEIEEFES V regs , B 1ES128x8 3275 ( 4KiB)

x128
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: Scalar Uni

TPU Core

TPU Core

Scalar
Decode and
Issue
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TPU Core: Matrix Multiply Unit

TPU Core

- FEFFEEETT MXU |, I 16 {\ZRY FP
BRI RMFPER , —NCHREZD
MXUBXEIFES , BN/ 128 x 128 -
> Streaming LHS and results

o Stationary RHS (w/optional transpose)

- THEEESTS BF 16 TSN FP327EHA

* Bfloatl 6 multiply {s, e, m} ={l, 8, 7}

* Float32 accumulation
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TPU Core: Transpose, Reduction, Permute Unit

- FEMERSIRTRIRE | SOITARREERE
HHTENHMD , IBItwizZ A,
PR 128x128 FEFFHITIR(E

> Transpose fE[&5 &
> ReductionFE[EINZY
> Permutation E05a[4E
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* Why [28x128!?

4 T 4x

operations per
operand ratio

3 S
utilization
2 ratio
1.7X
T 1x 1x
(normalized) (normalized)
| I | Constant
| | | FLOPS
256x256 128x128 64x64 @
(1x) (4x) (16x)
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MXUs Core HJ1%ERR

I BEIESEE © TPU v2 T MX
ENMZ MXU F8EE TPU vI /NT
Un<z— , BESHITE 256x2
56 EH— 1 K%Z , £85I MXU
FMAZEAS ; (£H 16 1> 64x64
MXUs FEE 0 A ERIRHER |
BRI LS4 128x 128,

® ZOMI

4x

operations per
operand ratio

utilization

ratio
1.7x

1x
(normalized)

1X

(normalized)

256x256
(1x) (4x) (16x)

I I l » Constant
| | | FLOPS

128x128 64x64
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MXUs Core HJ1%ERR

MXU BN H S R A B A
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TPUv2 $rBEEAG

e
Z— HBM m§r1\%>< NN im PCIG ¢
+ MBI EFEX ZEEIN Queues Matrix
Bi%E ( Interconnect ) , FHFTPU Multiply
Z18AUERE |, ABRY Pod BRITE Vector Unit
e Memory I

<—  Vector Unit
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TPUv2 $rBEEAG

_________________________________________

Scalar Core O
Unit E = Compute = Host
! v = Memory = Interconnect
BStota1F High Bandwidth Mem | Matrix
Seps > Multiply
ory, HBM : TPU vl g RS 204 Unit
ZRREZEPTEIRE] , #EF i S| 5|35 3
: . .. Transpose / !
HBM Permute Unit | | 5 5
{ER— 1 rhEwdE , BT 32 5% | EE
. L S [ Interconnect
28 bit RS TPUV2 ity BiEEER Router
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4 /"f2 DRAM 5 FifEtL |, MTTER
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Queues

& 70MI 37  Course https://chenzomil2.github.io/


https://chenzomi12.github.io/

TPUv2 $rBEEAG
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Scalar Core O
Unit E = Compute = Host
. :: E = Memory = Interconnect
¥Z|B]BEX Interconnect Router : i Matrix
. PN . — Multiply
J9T7SCE 2D INEERE | LAHRL i Unit i
| ! ¢ ¢ ¢ x
Pod FBLRITEM , A BINE | G |55 5] 5
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Queues

& 70MI 38  Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

TPUv2 %ﬁnﬂ_ﬁﬂ*ﬁ'\’.

= Memory Interconnect
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Router
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Memory System

Loads and stores against SRAM scratchpads

Provides predictable scheduling within the core

Can stall on sync flags

Accessible through asynchronous DMAs

Indicate completion in sync flags
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Memory System

Loads and stores against SRAM scratchpads

Provides predictable scheduling within the core

Can stall on sync flags

Bandwidth

Accessible through asynchronous DMAs

Indicate completion in sync flags
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Memory System
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Memory System

Interconnect
Router

Widths ©€
Bandwidths
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Interconnect

On-die router with 4 links

500 Gbps per link

Assembled into 2D torus Software view:

Uses DMA:s just like HBM
Restricted to push DMAs

Simply target another chip id
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Link || Link
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Interconnect
Router
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TPU2 SR RE
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Interconnect Link

: SHBREHXEEE , #RIE2MTEZG

Interconnect

Router

Interconnect Link

Floorplan

= Interconnect

. = Host

= Routing
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TPU v245 R84S

TPU v2 &85 B iR EE Tensor Core

K REIEEUERRZEL ( Activation Pipeline ) BN AT JRIZEE SHIREETT ( Vector Unit )
(FRR=EFESE ( Vector Memory ) {t& Accumulator F[] Activation Storage RN E1F
MXU {ENRE8R Tt IEzsE B RS RERTER | IGINEAmEMN

170 Scalar Unit, Transpose/Permute Unit S5k ITREETT

{(EFHBMAEDDR3 , HBASREFEXEE , IREHESHTERIIEERE
HBMFNAEFEX Z [EREINEIERELR ( Interconnect ) , ETPUEHRFH BB T T
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TPU v1 vs TPU v2

Interconnect

TPUvV2
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